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ABSTRACT 
Water Recirculating Aquaculture system 
(WRAS) as a culture system can be simply 
configured to combine both mechanical 
and biological filteration mechanism. This 
system can be regarded as a fish factory 
being an intensive culture technology 
system with high-density stocking and 
carrying capacity. Recirculating systems 
has some production advantages over 
other culture systems especially in 
intensive production. This production 
system achieves good and stable water 
quality management and enables the farm 
manager to trouble shoot as management 
protocol is easier to determine in a more 
business manner. Challenges in running 
this system in Nigeria include poor design, 
irregular power supply alter failure, high 
cost of quality feed, poor water quality 
management and high cost of water 
quality kits. Similarly, unavoidable 
continuous daily stress on fish stocked, 
low biosecurity understanding and lack of 
expertise coupled with inadequate 
financing are common issues in running 
this system. Therefore, necessary by-pass 
protocols become necessary in the 
management of this system in Nigeria for 
profitable production. 
Keywords: Water Recirculating systems 
and management by- Pass 
 
INTRODUCTION 
Water Recirculating Aquaculture system 
{WRAS} is a culture system configured to 
combine both mechanical and biological 
filteration mechanism to achieve good and 
stable water quality for maximum fish 
growth in the culture system ( Douglas et 
al 1988; Wheaton et al , 1991). The basic 
principle involves waste water reuse which 
enhances production (Reinemann et al, 
1990). This can be regarded as a fish 
factory being an intensive culture system 
with high-density stocking and carrying 
capacity (Lee, 1995).  Recirculating 
systems has some advantages over other 
culture systems, these include: 
1. Reduced land space and water 
requirements in the culture system 
2. Increased stocking density, 
production intensity and capacity. 
3. High degree of tolerable water 
quality and environmental control. 
4. High fertility of solid and 
wastewater for 
aquaponics/hydroponics or 
vegetable gardening (Integrated 
aquaculture)-used as fertilizer 
source. 
5. Increased tonnage per cycle per 
land space. 
6. Better security as most systems are 
established indoors or peri urban 
based aquaculture system. 
7. Management protocol is easier to 
determine and run in a more 
business productive manner or 
factory production environment 
(Masser et al 1999; Timmons M.B. 
and T.M. Losordo. 1999, Chen et 
al 1998 Reinemann et al, 1990). 
8. This system can be located 
anywhere from urban to peri-urban 
areas with close proximity to urban 
markets and consumers (Libey 
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andTimmons, 1996.). 
Disadvantages includes high 
capital cost of setting up the 
system, requires basic 
infrastructures such as electricity 
all year round and proper 
marketing strategy for live fish 
transportation and marketing from 
urban to peri-urban  markets to 
avoid pseudo-glut at production 
location. 
 
AQUACULTURE SYSTEM DESIGN 
Water Recirculating Systems (WRS) can 
be simple or complex though the common 
systems found in Nigeria today are of the 
Dutch model origin or locally modified 
alternative systems using various 
bioflteration materials from plastic crate, 
larval stone to imported poly-materials of 
various type and shapes which often are  
imported. The more complex the design 
the more complicated the operational 
management and this can affect the 
economic viability due to lack of trained 
manpower and understanding to manage 
the system. Simple Water recirculating 
system design model is illustrated below 
Fig 1: 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig1: SIMPLE WATER RECIRCULATING SYSTEM 
 
          
Today in Nigeria many fish farms are fast 
developing into one form of water 
recirculating system or the other despite 
numerous constraints. Expansion of this 
industry and the efficient management 
would require some modification of the 
fisheries /aquaculture curriculum to suit 
the practical need of the farms; such 
training should include theory and 
practical base curriculum and education. 
Experts involvement during industrial 
training, in the supervision of students 
should not be compromised; using on-farm 
approach as an important aspect too during 
such training. Some level of commitment 
and dedication on the part of the trainee is 
required. Many of these commercial farms 
are not achieving much because of lack of 
manpower and half-backed consultants 
hovering around the profession. Some of 
the problems encountered by farmers 
include poor design, inadequate 
management principles or cutting corners 
at sensitive points in the management 
operation. This can lead to poor harvest, 
longer break-even time, failure and 
abandonment. The other challenges 
encountered by farmers in these systems 
include component failures due to poor 
design, un-steady and fluctuating power 
and failure, high cost of quality feed, poor 
water quality management and high cost of 
water quality kits. Also, increased daily 
stress of fish stocked due to power 
outrages, low biosecurity consciousness, 
diseases and lack of fish veterinary 
       
        FLUSHING 
FISH TANKS 
SEDIMENTATION 
TANK 
PUMP 
TANK 
BIOFILTER/ 
TOWER 
FRESHWATER 
SOURCE ENTRY 
UV 
AERATION 
111 Water Recirculating Aquaculture Systems: Management By-Pass And Trouble Shooting FISON EKO 2010 
ISSN: 1117-3149 PROCEEDINGS OF FISHERIES SOCIETY OF NIGERIA (FISON) ASCON, BADAGRY 25th-29th OCTOBER 2010  FSN-AQ 0020 
 
expertise. Today fish specific drugs, fish 
disease diagnostic centres and Fisheries 
Vetenarian are yet to be available to 
farmers. Fisheries and Aquaculture 
curriculum, trained Vetenarian must be 
included in our curriculum development. 
Some of these constaints can lead to by-
pass of necessary components and 
management protocols resulting to poor 
management and failure of such farms. 
 
SYSTEMS OPERATION AND 
MANAGEMENT 
Fish production in water recirculating 
systems starts from the design before the 
fish is stocked. It actually starts from the 
systems design that must be done to 
achieve maximum production efficiency 
and un-interrupted operation. The success 
of such operation starts from the design 
and water circulation must not be hindered 
through flow reduction, sludge lodging 
and constriction in pipeline or anaerobic 
condition created in the biofilter column 
(Lee, 1995). These can result in increases 
or decreases in water levels, flow rate, 
reduce aeration, biofilter efficiency and or 
collapse. Juveniles or Fingerlings should 
be purchased and stocked from a reputable 
Fish farmer that understands the principles 
and practice of genetics and breeding; 
know the history of his brooders and farm 
stock. 
 
MANAGEMENT BY PASS AND 
TROUBLE SHOOTING 
Flow rate reduction can be avoided by the 
use of oversized and bigger diameter pipe; 
design and configuration between systems 
components should be shorten as long 
distance piping result in fouling of pipe 
lines, blockage, and reduction in 
gravitational flow rate and undetermined 
rise in water volume. Such situation can be 
resolved with appropriate by- pass pipe 
installation and over flow pipes 
mechanism. Use of blow-out facilities like 
the plumber’s snake, T-junctions between 
long distances could be used to solve 
problems of reduced and declining flow 
rates. Open up junctions (man hole), pipe 
columns and wash out lines to open up 
constrictions along the pipeline should be 
included in design. Where screen is used 
in sedimentation and pump tanks clogging 
of screens, blockage, and water level 
fluctuations can be regularly brushed and 
washed or such screen replaced. 
Particulates from uneaten feed and waste 
have been estimated to be over 60 percent 
of feedlot given in fish culture systems; 
these end up as particulates that foul the 
system water and increase bacteria 
activities that can cause interaction with 
the friendly bacteria (Liltved, 2000; 
Malone, 1982). Water recirculating 
aquaculture system managers must have 
alternatives and quick response to handling 
such particulate and floating sludge 
situations knowing that they reduces 
biological oxygen demand of the system. 
These can be achieved by improving the 
biofilter efficiency and oxygen demand of 
the system by aeration. Screens and pipes 
should be tightly secured to avoid such 
being dislodged during feeding by stocked 
Fish or at cleaning or harvesting 
operations. Ensure there is adequate 
backup for all electrical facilities and 
gargets with spare components kept in 
store, as failure can be detrimental. Where 
possible automated switchover system 
with alert device can be adopted for 
generators and blowers while power 
inventing system and other power 
alternatives such as solar powered systems 
can be sourced. Flow switch and instant 
stoppers should be used to control water 
level. Blowers using 12-volt battery can be 
installed for aeration during short power 
outrages. Avoid rapid or sudden change in 
your water quality due to excess use of 
chemicals-salt or antibiotics for treatment; 
this can cause sudden death of your 
bacteria colony in the biofilter. After such 
death and disruptions; biofilter 
performance, the feeding rate should be 
reduced or delayed with system water 
exchanged by flushing and addition of 
water. Anaerobic condition due to non-
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circulation during power cut can also 
result to death of the colony due to dry up. 
Sludge from sedimentation tank or system 
water can be used to seed the system but a 
healthy population of nitrifying bacteria 
must be used.  
 
Some practical attempt could be to use like 
ammonia of a known pure stock. An 
alternative {By-pass} for situational 
management like this includes ensuring 
that  the biofilter remains wet by the use of 
generator to circulate especially in the 
afternoons and at high intensive sunshine 
while battery aeration can be used to aerate 
the system at night to reduce fuel cost. 
When Ammonia and carbon dioxide 
concentrations increase suddenly fish stops 
feeding, death may follow therefore, 
immediate action should be taken by 
flushing and refreshing (Summerfelt et al, 
2000; NIOMR, 2004; 2005).  Hydrogen 
ion concentration (pH) may still be near 
7.0 while ammonia concentration may be 
high, may be deceitful. This only means 
that ammonia is in the un-ionized form and 
may not be sufficient enough to cause fish 
kill. Nitrite toxicity causes a blood disease 
called “brown blood,” The degree of 
toxicity of nitrite varies with species 
(Timmons and Losordo, 1994; Douglas et 
al 1988; Colt and Tchobanoglous, 1976) 
though concentrations should be checked.  
Nitrite toxicity can be reduced by the 
addition of salt as chloride ions, which 
blocks Nitrite ion. Six (6) - Ten (10) parts 
of salt can handle one part of Nitrite 
Nitrogen in the system. In practical terms 
50 m
3
 volume systems water capacity with 
5 mg\l of Nitrite requires 30-50 Kg of salt 
(NaCl). Take precaution by gradual 
addition by part; that is, for instance 10-15 
Kg is required ; only add half while the 
remaining quantity required may be added 
after 1-2 hours of water circulation. 
Monitor your water quality before further 
addition and see if the Nitrite level is 
reduced from the first treatment. Reduce or 
stop feeding and be prepared to flush the 
system with addition of fresh water. The 
salinity of the system water should be 
monitored as this can affects freshwater 
species like Clarias gariepinus. 
 In marketing your fish, make your farm-
gate price consumer friendly but be 
reasonable and base your selling price on 
your production cost. Vary your price with 
weight and size according to market 
demand, farm location and consumer 
preference will enhance your sale. 
 
CONCLUSION 
Water Recirculating Aquaculture system 
(WRAS) is an intensive culture system; as 
a fish factory the design and management 
must follow the basic principles and 
practice for maximum production. 
Minimizing production cost must be 
achieved following such by-pass that 
cannot jeopardize the operational ethics, as 
the consequence may be very costly to the 
investor. Recirculating aquaculture 
systems must be operated at near 
maximum production capacity to make for 
an economic sense and cost effectiveness 
in the commercial production. To invest in 
a recirculating aquaculture production 
systems do your feasibility study before 
taking that decision. It is setting up a 
factory, check for cost estimate of setting 
up the system, operation and the marketing 
of your fish products. Be realistic and 
proactive to culture system changes during 
farm management operations.  
  
 
REFERENCES 
Chen,P. S; L.J., Wang Y.C., 1998.  The 
effect of ultraviolet irradiation, 
heat, pH, ozone, salinity and 
chemical disinfectants on the 
infectivity of white spot syndrome 
baculovirus.  Aquaculture 166:1–
17. 
Colt, J.E. and  Tchobanoglous, G., 1976.  
Evaluation of the short-term 
toxicity of nitrogenous compounds 
to channel catfish, Ictalurus 
punctatus.  Aquaculture 8(3):209–
224. 
113 Water Recirculating Aquaculture Systems: Management By-Pass And Trouble Shooting FISON EKO 2010 
ISSN: 1117-3149 PROCEEDINGS OF FISHERIES SOCIETY OF NIGERIA (FISON) ASCON, BADAGRY 25th-29th OCTOBER 2010  FSN-AQ 0020 
 
Douglas G. D; Ronald F. M. and P. A. 
Allain, {1988} Ion Shifts and pH 
Management in High Density 
Shedding Systems for Blue Crabs 
(Callinectes sapidus) and Red 
Swamp Crawfish (Procambarus 
clarkii), 
Lee, P.G., 1995.  A review of automated 
control systems for aquaculture and 
design criteria for their 
implementation.  Aquacultural 
Engineering 14:205–227 
Libey, G.S. and M.B. Timmons, Eds., 
1996.  Successes and Failures in 
Commercial Recirculating 
Aquaculture. Northeast Regional 
Agricultural Engineering Service - 
98, Ithaca, NY. 
Liltved, H., Landfald, B., 2000.  Effects of 
high intensity light on ultraviolet-
irradiated and non-irradiated fish 
pathogenic bacteria.  Wat. Res. 
34:481–486. 
Malone, F. {1982} Water Quality of 
Submerged Biological Rock Filters 
for Closed Recirculating Blue Crab 
Shedding Systems. Louisiana State 
University. 
 
Masser, M. P; James Rakocy and T.M. 
Losordo {1999} Recirculating 
Aquaculture Tank Production 
Systems Management of 
Recirculating Systems SRAC 
Publication No. 452 
NIOMR (2004) Water recirculating system 
Workshop at Nigerian Institute for 
oceanography and Marine 
Research, Lagos. 29
th
 March, 2
nd
 
April 2004. 
NIOMR (2005) A 2 Day Training 
Workshop on Intensive Fish 
production Using Water 
Recirculating system Aquaculture 
system (WRAS) Organised By 
Nigerian Institute for oceanography 
and Marine Research, Lagos in 
collaboration with 
Entrepreneurship and Training 
Limited. 10-11
th
 August 2005. 
Reinemann, D.J., Parlange, J.Y., 
Timmons, M.B., 1990.  Theory of 
small diameter airlift pumps.  Int. J. 
Multiphase Flow 16(1):113-122. 
Summerfelt, S.T., Vinci, B.J. and R.H. 
Piedrahita, 2000.  Oxygenation and 
carbon dioxide control in water 
reuse systems. Aquacultural 
Engineering 22 (1-2):87–108. 
Timmons, M.B., Losordo, T.S., 1994.  
Aquaculture water reuse systems: 
engineering design and 
management.  Elsevier Science, 
The Netherlands. 
Timmons, M.B., Chen, S. Weeks, N.C., 
1995.  Mathematical model of 
foam fractionators used in 
aquaculture.  Journal of World 
Aquaculture 26(3):225–233. 
Wheaton, F.W., Hochheimer, J.N., Kaiser, 
G.E., 1991.  Principles of 
biological filtration. In: M.B. 
Timmons (Ed.) Engineering 
Aspects of Intensive Aquaculture. 
Northeast Regional Agricultural 
Engineering Service, Cooperative 
Extension, Ithaca, NY, pp. 1–31. 
